More than 140 m of upper Cenozoic basin-fill sediments were deposited and then deformed in Fisher Valley between about 2.5 and 0.25 m.y. ago, in response to uplift of the adjacent Onion Creek salt diapir. In addition to these basin-fill sediments, minor amounts of eolian and fluvial sand were deposited in Holocene time. The sediments, whose relative ages are known from the stratigraphy, are predominantly sandy, second-cycle red beds derived from nearby Mesozoic rocks; most were deposited in a vertical sequence, filling a sedimentary basin now exposed by fluvial dissection. We have applied a variety of established and experimental dating methods to the sediments in Fisher Valley to establish their age and to provide time control for the recent history of the Onion Creek salt diapir.
INTRODUCTION
The sediments in Fisher Valley, Utah, are the thickest deposits of I;-.-Cenozoic age in the Paradox basin and perhaps in the entire Celery Plateau province, a region that is dominated by erosional landfonns 04 thin, discontinuous upper Cenozoic deposits (Biggar and others, !9!l, Colman, 1983; Colman and others, in press) . Although the Fisher VaSr sediments are geographically restricted, they provide a uniquely wcSexposed record of late Cenozoic conditions in the area. These upper Ca» zoic deposits are closely related to the most recent phase of deformatn and geomorphic changes associated with the Onion Creek salt diapir, c* of many anticlinal and diapiric salt bodies in the Paradox basin. The it anticlines have experienced a long history of deformation, probably bepning syndepositionaUy in Pennsylvanian time (Cater, 1970) . For the ECK part, the late history of the salt anticlines is only crudely known because a the general scarcity of Cenozoic deposits in the Paradox basin (Hiss, 1956; Cater, 1970) .
Interest in the climate, archaeology, landform development, is! other aspects of the Quaternary history of the Colorado Plateau has bee reinforced by recent proposals to dispose of radioactive waste in <:' deposits in the Paradox basin. The record of environmental conditions. -jÃ dditional material for this article (appendix, including four tables) can be secured free of charge by requesting Supplementary Data ik from the GSA Documents Secretary.
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The sediments in Fisher Valley have received surprisingly little atteni is. They were first described in a reconnaissance study by Dane (1935) . I •ioemaker (1954) mapped detailed deformation in the Onion Creek salt _jpir and showed unconformities and deformation in the superjacent :per Cenozoic deposits. Richmond (1962) correlated some of the Fisher j .liley sediments with Quaternary deposits in the La Sal Mountains and I ascribed a section in Fisher Valley containing two volcanic ashes. Biggar < ai others (1981) briefly described the Fisher Valley sediments in their jvey of Quaternary deposits in the Paradox basin. The deposition^ history and structure of the Pliocene and Quaterary deposits in Fisher Valley are intimately related to late deformation of x Onion Creek salt diapir. We have previously described these relations Colman, 1983) and discussed the detailed physical, soil, and paleomag»c stratigraphy of the deposits (Colman and others, in press). In this iper, we concentrate on the multiple dating methods that we applied to ' :ese sediments and on resulting age estimates. Like any geologic history, t :at represented by the sediments in Fisher Valley depends heavily on the ' imework provided by age estimates.
'ETTING AND STRATIGRAPHY
The Fisher Valley salt anticline is part of a larger northwest-trending -•-clinal structure that includes adjacent Cache and Sinbad Valleys ' g 1 ), as well as Salt Valley to the northwest and Roc Creek Valley to '; southeast. These and other valleys in the Paradox basin represent ;'ipsed parts of structurally high sections along the crests of the anticlines. The Onion Creek salt diapir, exposed in the collapsed crest of the Fisher Valley anticline, is essentially a cupola of salt emanating from the main diapiric core of the anticline. The diapir, along with a thick sequence of upper Cenozoic sediments, now underlies most of Fisher Valley. Beginning in late Tertiary time, the Fisher Valley sediments were deposited in a basin east of the salt diapir. The basin-fill deposits, which are more than 140 m thick, consist of fluvial sand and gravel interbedded with lesser amounts of eolian silt and sand, all predominantly derived from Permian-Triassic formations that form the flanks of the Fisher Valley anticline. The basin-fill deposits are in depositional contact with the caprock of the Onion Creek salt diapir and are exposed in an erosional amphitheater formed by incision of Onion Creek into the sedimentary basin superjacent to the diapir (Fig. 2) . The sedimentary basin corresponds approximately to the area of the erosional amphitheater and part of the area under the floor of Fisher Valley, which is now perched above the headwaters of Onion Creek.
The generalized stratigraphy of the upper Cenozoic deposits in Fisher Valley is shown in Figure 3 . Unit names are from Colman and Hawkins (1985) and detailed descriptions of each unit are given there and in Colman and others (1986) . The basal unit is a Pliocene(?) gravel (unit Tg), which was derived from the La Sal Mountains, and which is complexly infolded into the Onion Creek diapir. The unconformably overlying basinfill sediments (QTbl and Qbu) contain two volcanic ashes (LC and BI), at least nine buried soils (SA-SI), and at least four angular unconformities along the basin margins. An unconformity at the base of the upper volcanic ash (LC) separates the two basin-fill units. The basin-fill deposits are capped by 1-5 m of Holocene eolian sand (Qe), which mantles the perched floor of Fisher Valley. A local unit of early Holocene alluvial sand (Qas), which apparently represents the former valley bottom of Onion Creek, is inset into the basin-fill deposits near the eastern edge of the exposed diapir, and is about 30 m above the present channel of Onion Creek. Holocene alluvial deposits (Qa), 1-4 m thick, underlie channels and low terraces along Fisher and Onion Creeks. With the exception of the basal Pliocene(?) gravel, the deposits consist mostly of reddish-brown, very fine-to coarse-grained sand and gravel derived from nearby PermianTriassic red beds of the Cutler, Chinle, Moenkopi, and Wingate Formations, which form the flanks of the Fisher Valley anticline. No macrofossils and only rare microfossils have been found in the Fisher Valley sediments except in unit Qas (Colman and others, in press).
DATING METHODS
In the following sections, we discuss the results of each of the individual dating methods that were applied to the Fisher Valley deposits. The appendix 1 and cited references provide details of the concepts, sampling procedures, and analytical techniques used in each method. v ( and M/G, Brunhes-Matuyama and Matuyama-Gauss paleoboundaries; samples column indicates horizons that were -pled for dating studies; multiple samples were taken at most hori-*^. ,\, amino acid; U, Uranium-trend; T, thermoluminescence; R, -ocarbon; an d \| ? paleomagnetic samples. Lower case letters fol-,in2 "M" re^er *° sections A, B, and C in Colman and others (in ..,<$). In addition to these samples, each of the soils was described \ sampled.
t ic Ash Chronology
Two volcanic ash beds occur within the Fisher Valley deposits tf, 4); the beds were first described by Richmond (1962) . They form -( horizons and provide the most reliable chronologic ("tephrochrono-.-c") control for the section. The two ashes can be distinguished from ,.h other by field properties (color, shard shape, and mineralogy), and . ; v have been correlated by their chemistry and mineralogy to well-dated -.slow tuffs near their eruptive vents (Izett, 1981) .
The upper ash (LC in Fig. 3 ) originally was correlated with the .alette family of ash beds (R. E. Wilcox, 1951 , and D. F. Powers, 1959 , ,-::en communs. in Richmond, 1962 , then thought to represent a single .Dtion. Subsequently, the Pearlette ash beds were shown to represent -x different eruptions with three distinct ages from the Yellowstone area jjtt and others, 1 970). The "Type O" Pearlette ash was named for the ..-per ash in Fisher Valley at the head of Onion Creek. Subsequent chemi-4! and mineralogic work has confirmed that this ash is equivalent to the lava Creek Tuff, whose age is estimated at 0.61 m.y. from many fissionnek and K-Ar determinations in its Yellowstone source area (Izett, .?S1). The ash is now called the "Lava Creek Ash."
The lower ash (BI in Fig. 3 ) in the Fisher Valley deposits has been • iwwn to be equivalent to the Bishop Tuff, erupted from the Long Valley oldera in eastern California, on the basis of its chemistry and mineralogy . Izett and others, 1970) . The Bishop Ash is about 0.73 m.y. old on the ! asis of many fission-track and K-Ar dates on the Bishop Tuff (Izett, i 1981) . I
The Bishop and Lava Creek Ashes in Fisher Valley (Fig. 4 ) provide inn age control for the middle part of the upper Cenozoic section. In iddition, they provide important calibration and tests for other dating methods, including paleomagnetic stratigraphy, uranium-trend analyses, : ad rates of soil development.
faleomagnetic Stratigraphy
Paleomagnetic stratigraphy provides an age framework for the lower Jit of the basin-fill deposits (QTbl, Fig. 3 1966) and because of postdepositional diagenesis that can produce chemical or viscous remagnetization of the sediments (Larson and Walker, 1975; Dunlop and Sterling, 1977; Larson and others, 1982) . Analyses of both preliminary' samples and later detailed samples of the sandy, second-cycle red beds in Fisher Valley, however, indicated that the sediments earn' a stable magnetization acquired at or soon after deposition (Colman and others, in press). We were therefore able to identify and date polarity boundaries by correlating the magnetic stratigraphy in the sediments with the upper Cenozoic paleomagnetic time scale (Mankinen and Dalrymple, 1979) .
The paleomagnetic samples define a normal-reversed-normal polarity sequence ( Fig. 5 ) that we interpret to represent the Brunhes, Matuyama, and Gauss Polarity Chrons. The age and location of the 730,000-yr-old Bishop Ash bed, which occurs about 5 m above the normal-to-reversed transition, confirms the position of the Brunhes-Matuyama boundary (730,000 yr, Mankinen and Dalrymple, 1979; 790,000 yr, Johnson, 1982) in the upper part of the section. Normal and indeterminant polarities in parts of the Matuyama chronozone are due, at least in part, to postdepositional chemical or viscous remagnetization, but some of these polarities may represent normal-polarity subchrons (Colman and others, in press). The stratigraphic thicknesses of the reversed and lower normal polarity zones and the consistent polarities in the lower normal zone strongly suggest that the lower normal zone correlates with the Gauss Polarity Chron, rather than a normal-polarity subchron in the Matuyama. If our interpretation of the magnetic stratigraphy is correct, the sediments at the base of QTbl are at least 2.48 m.y. old.
Our data show that the magnetic stratigraphy of the lower basin-fill sediments provides a useful framework for estimating ages of these sediments, which otherwise contain few datable materials. In addition, the Brunhes-Matuyama polarity boundary provided a time datum for estimating rates of soil development and ages of paleosols in the upper basin-fill deposits. Paleomagnetic study of the deposits in Fisher Valley indicates that coarse-grained second-cycle red beds can. at least in some cases, carry 
Uranium-Trend Analyses
An open-system variation of uranium-series dating called trend dating has been tested extensively during the past decade Rosholt and others, 1985) . Results of other studies of ur disequilibrium indicate that uranium commonly exhibits an open'*"* 1 behavior (Ivanovich and Harmon, 1982) . The open-system uraniu "^d ating method has been used for estimating the time of deport J "w ide variety of surficial deposits, including glacial till, loess r 1 colluvium, and altered volcanic ash. For dating depcsits rant--from 5,000 to 800,000 yr, this technique measures the isotopfc • tion of several samples collected at different depths in a given depo M . unit or in the soil horizons formed in the depositional unit. 3) were analyzej •'. uranium-trend dating: (1) SJ from unit Qe, a Holocene eolian sand; Pi ;.
• from the uppermost pan of the upper basin-fill unit; and (3) SC from •• uppermost part of the lower basin-fill unit, which is immediately ove-!--by Lava Creek Ash. Analytical data for these deposits are given in T.i-A, 2 along with ages calculated from a best-fit solution of the empir.Û -trend model. The unit represented by six samples of SC yields a U-trend at-530,000 ± 70,000 yr, which is somewhat younger than the Lava C.-. Ash that overlies it. In addition, the depositional unit is older than the La, Creek Ash by the time interval represented by soil development. Thcalculated error of the U-trend age estimate, however, nearly includes the 610,000-yr age of the Lava Creek Ash.
On the basis of the thorium contents of samples in the SI unit, there appear to be two different parent materials in this deposit; samples reprtsenting the upper part SI(l-4), have thorium contents of 7.2 ± 0.9 pp~: and a calculated age of 210,000 ± 40,000 yr, whereas the 7 sampte representing the lower part, SI (5) (6) (7) (8) (9) (10) (11) , have thorium contents of 4.8 ± OJ ppm and a calculated age of 240,000 ± 35,000 yr. This interpretation c, consistent with the eolian origin inferred for the upper part of unit Qbu. Separate U-trend plots (Fig. 6) were made for each of these parent materials; the average age of the two is 230,000 ± 40,000 yr.
The youngest unit represented by the four SJ samples have a U-trend age of 9,000 ± 11,000 yr. The large relative error for Holocene deposits • characteristic for U-trend systematics in which the slope of the U-trend line is very small (Rosholt, 1985) .
Rates of Soil Development
Buried and surface soils are an important part of the local stratigraphy (Fig. 3) . They indicate relative landscape stability and hiatuses in deposition of the basin-fill sediments in Fisher Valley. In addition, their degree of development is a measure of the time interval during which they forrcâ nd of the age of the stratigraphic section as a whole. We have presented detailed descriptions of these soils, along with discussion of their proper::," and genesis (Colman and others, in press). A wide variety of soil propersare available as measures of soil development (Birkeland, 1984) The semi-arid climate and the soil-parent materials of the Fisher Villey area strongly influence soil development. The mean annual tempertiire is about 12 °C, and monthly means range from about -2 to 25 °C; aean annual precipitation is about 25 cm, including monthly means that •jnge from about 1.3 to 3.0 cm (U.S. Department of Commerce records rmpiled in Colman and others, in press). The parent materials of the soils sat we examined are mostly reddish, calcareous, quartz-rich sands, with linor amounts of gravel.
Secondary clay and carbonate contents were calculated by subtractig estimates of primary contents from measured present values, in a way iailar to that used by Machette (1978 Machette ( , 1985 for carbonate. The total uEounts of secondary carbonate and clay in each soil can be used to estimate the duration of soil formation for each soil if the rates of accumulation of these materials are known. We have used the methods developed by Machette (1978) , which assume that the time represented by buried soils in a stratigraphic section is much longer than the time represented bŷ position of the sediments. This assumption has two important implicajons: (1) the total amount of secondary carbonate or clay above a stratiraphic datum of known age can be used to calculate long-term average ites of accumulation of these materials and (2) the age of a stratigraphic .nit is equivalent to the time at which the soil in its upper pan began to 'orm. This assumption is a convenient first approximation, which in Kneral is not strictly valid. In fact, the paleomagnetic data discussed above Jggest that the deposition of the sediments occurred over a considerable ;3ount of time. Even if sedimentation takes up a considerable proportion 1 the time represented by each soil-sediment unit, however, the results -ay still be valid if that proportion is relatively constant. The ages calcu--' •ed using these assumptions compare favorably with those estimated 'om other independent methods (see Discussion below). Long-term rates of accumulation of clay and carbonate were calcuJted by dividing the total amounts of these materials in the soils above the Lava Creek Ash and the Brunhes-Matuyama paleomagnetic boundary by the age of these datums (0.61 and 0.73 m.y., respectively). These long-term average rates were then used to calculate the interval during which each soil formed (Fig. 7) . Variations in the rates of accumulation of carbonate and clay in semi-arid areas such as Fisher Valley probably are the result of variations in climate. Although these rates may vary considerably during intervals of 50,000 yr or less, they probably have a nearly constant average for time intervals of 100,000 yr or more (Machette, 1985;  Colman and others, in press).
Ages calculated from the average rate of accumulation of carbonate are consistently younger than those calculated from the average rate of accumulation of clay (Fig. 7) . The carbonate ages are also more consistent with other independent age estimates (see Discussion below). Neither set of ages is implausible, however.
Analytical errors are probably small compared to errors associated with the estimates of the original amounts of carbonate and clay in the sediments (Colman and others, in press). This latter source of error appears to be a more severe problem for clay than for carbonate in the Fisher Valley sediments; measured clay contents of C horizons and non-soil sediment samples were more varied and stratified than were carbonate contents (Colman and others, in press). Because the geologic uncertainties in these methods are difficult to evaluate, and because they probably are much greater than analytical errors, we have not calculated formal error limits for the ages that we estimated from secondary carbonate and clay in soils. The results of similar types of studies (Harden and others, 1985; Machette, 1985; Colman and others, in press) and comparisons of age estimates for Fisher Valley (see Discussion below) suggest that total error associated with these soil methods may be about 30%, perhaps somewhat lower for carbonate and somewhat higher for clay.
Amino Acid Analyses
The amino acid compositions of bulk soil materials from Fisher Valley were determined to test the possibility of using amino acid ratios as age indicators for surface and buried soils. Amino acid ratios have become nporiant sources of age information in recent years, especially for caronate mollusk shells in middle to late Quaternary deposits (see, for .ample, Wehmiller, 1982) . Soils are much more complex systems than ells, but recent work has suggested that amino acids in soils may provide me indication of soil or deposit age (Forman and others, 1982) . A 1 riety of measures of amino acid diagenesis have been related to sample e, but most involve the processes of (1) hydrolysis of peptide bonds that id amino acids in proteinaceous material and (2) racemization, by lich the L-stereoisomers of amino acids that occur in living organisms
• converted to equilibrium mixtures of L-and D-stereoisomers. In the Fisher Valley soils, the concentrations of amino acids in the iment (acid-insoluble) fraction vary by two orders of magnitude and ;e in the soluble fraction vary by one order of magnitude (Table B}.   3 iino acid residues are more abundant in the sediment fraction than in soluble fraction by as much as a factor of 10, although more comnly by a factor of 2 to 5. The higher concentrations in both fractions are n parable to values found in carbonate shells. Highest concentrations are nd in the sediment fraction of Holocene soil J, but no tendency for total .no acid concentrations to decrease with time is apparent The ratio of il amino acids in the soluble fraction to that in the sediment fraction ds to increase with age and decrease with depth in the soil (Table B) , : these tendencies are irregular. The ratio of glutamic acid to glycine, ich has been shown to be related to age in wet soils in New Zealand nmer and Wilson, 1980), shows no relation to age in the semi-arid soils -isher Valley.
The isoleucine epimerization ratios (alle/Ile) are complex and diffito interpret. Replicate analyses for individual samples and analyses of cral samples from the same horizon yield similar results, and so the ability of the alle/Ile ratios among soil horizons is probably not due to lytical methods. Some of the samples yield essentially modem alle/Ile os, which, except for soil J (Holocene), strongly suggest contamination n modern organic matter. In addition, some of the samples contain tively high concentrations of the unstable amino acid serine; we conjr paleosols with high serine/glutamic acid ratios to be contaminated h younger organic constituents. On the basis of these criteria, more iples of the sediment fraction are contaminated with modern organic tter than are those of the soluble fraction. Of the remainder, alle/Ile os in the sediment fraction tend to be higher than those in the soluble tion. This relation suggests that the soluble fraction may contain unjgnizable partial contamination.
Despite these problems, some of the isoleucine epimerization ratios clearly related to soil age. For both the sediment fraction and the jiuble fraction, average alle/Ile ratios for soil J (the surface soil) are the owest or nearly the lowest obtained, and those for soil A are the highest Table B ). Only four of the sous yielded samples of the sediment fraction hat were not contaminated according to the criteria discussed above. The lie/lie ratios for these four soils are in the correct stratigraphic order, /ever. Samples of soil A yielded the highest aFle/rie ratios for the :ble fractions, but this value is somewhat less than the ratio for the ment fraction of soil A. The analyses for the soluble fractions of soils were not a clear function of their stratigraphic position. In summary, the amino acid analyses of bulk soil materials in Fisher ley show that alle/Ile ratios tend to increase with age, but the results complex and difficult to interpret. Contamination of buried soils by no acids from modern organic matter seems to be a particular problem ;ese analyses. As a result, the potential use of amino acid analyses for nating soil ages requires a better understanding of the sources of amino acids retained in soils, the interaction of clay minerals and arnino "•'••' during retention and diagenesis, and the mobility of amino acids in nJZ* lating pore water.
PWC&.
Thermoluminescence Analyses
Thermoluminescence (TL) age estimates depend on the fact A many glassy and crystalline solids store and accumulate energy when tS! are exposed to ionizing radiation, such as that produced by potassi uranium, and thorium decay in most sediments. Some of this ener released as light and can be measured when samples of these matena' subsequently heated.
Although TL dates on sediments have been published for mcr-- (1985) . The sampled deposits are (a) unit Qa, fluvial sand that is modern by radiocarbon analyses; (b) eolian (?) sand in the upper pan • unit Qbu; and (c) ash-rich silty sand in the horizon that contains ;!•• 610,000-yr-old Lava Creek Ash (Table C) . 4 The two samples whose ages are known did not yield equiva!'-doses that correspond to their ages. For the youngest one, which is a flav sand <200 radiocarbon years old, a calculated dose rate of 3.7 Gy'. ; should have given a dose of <0.8 Gy; instead a value of 200 ± 40 Gy •> obtained. This disagreement is too great to be attributed to either ra: loss or anomalous fading, both of which were observed. The mea^_-ments indicate that one of the assumptions on which the R-r method -b ased is not valid. It seems most likely that this sediment was not exposed to much sunlight at or about the time of deposition.
In the case of the oldest sample, the opposite result was obtained i measured ED 750 ± 350 Gy compared to 3,000 Gy calculated from the measured dose rate and the sample's known age. It is tempting to suggrv that this low ED value is the result of long-term anomalous fading. E.x>.-rience with known-age samples that show similar amounts of fading b-..: give approximately correct TL ages (Mejdahl, 1983; Huntley and oti*n, 1983; Berger and others, 1984) suggests that this is not the correct explanation, although it cannot be ruled out. Thermal fading is another possibi; cause; as yet, the thermal lifetimes of electron traps in non-pottery feldspars, the dominant TL emitter, are not known. A plateau in ED vena temperature plots is usually taken to indicate adequate thermal stability in pottery (Aitken, 1974) . The plateau tests for both gamma-and alphtirradiated samples, although not giving ideal results, gave nearly consul ED's over the range of 330-430 °C and did not give the steady increase in ED with temperature that would be expected if thermal instability ws: present. On the other hand, this increase may be absent as a result of tic high degree of anomalous fading observed about 350 °C; in this case, u> observed plateau is not indicative of thermal stability.
Tentative ages for the third sample, discussed in the soil-developnK" and uranium-trend sections, are about 250 ka. This age and a measured dose rate yield an expected ED of 1,250 Gy compared to a measured ET of 230 Gy. Possible explanations for this difference are the same as thcw for the older sample. tif til Jala are in l(r yr, except for unino add data, which ire mean afle/rie ratios, and [bermolurmnescence data, which are ED in Gy. <*-SJ. soils A-J: LC, Lava Creek Ash; BI. Bishop Ash; S/M tnd M/G, Brunhes/Maluyama and Matuyama/'Gauss polarity zone boundaries, respectively.
•VjormttR-rcvcned t^, within analytical error of modem measured dose rales are 3.7 (Qtl. 5.0 (SI), and 4.9 (LQ Gy/1.000 yr Yr. respectively. -;_ ;orjtaminarjon suspected f$erine/f!ulanuc raDo >0.9. or aDe/Ile ratio <0.1) .q; led, KComent fraction; sci soluble fraction. (Wintle and Huntley, 1980; ,'intle and Brunnacker, 1982; Huntley and others. 1983; Berger, 1984; xrgerand others, 1984; Lamonthe, 1984; Huntley, 1985) . Possible expla-•juons include incomplete zeroing, anomalous fading, and uncertainties in •jtural dose rates.
Radiocarbon Dating
Three of the stratigraphic units in Fisher Valley have characteristics ijich suggest that their ages may be within the range of standard radiojrbon dating methods: (1) unit Qe, an eolian sand that blankets the •erched floor of Fisher Valley above the headwaters of Onion Creek, (2) jsit Qa, which forms low, fluvial terraces along Fisher and Onion Creeks, ind (3) unit Qas, which consists of fluvial, spring, and other sediments that tpresent a former valley floor of Onion Creek. Weakly developed soils smbined with stratigraphic and geomorphic position suggest that units Qe and Qa are Holocene in age. No material suitable for radiocarbon iating was found within unit Qe. Unit Qas forms small remnants of a former valley floor inset into the older basin-fill deposits about 30 m above Onion Creek; its age was uncertain prior to radiocarbon dating.
Five dates on wood and charcoal from unit Qa are essentially within ualytical error of being modern (Table D) . 5 The terraces to which the jtes relate are 4-8 m above the modern stream channels; the dates -ggest that the terrace sediments were deposited just before the wide-:read episode of channel incision that began in the late 19th century in "i southwestern United States (Knox, 1983) . Samples of a peaty and •ganic-rich bed of silt and sand in unit Qas were also dated. Of the twô tes (8360 ± 110 and 9330 ± 155 yr B.P.), the older is considered most ! See footnote 1. reliable because of more rigorous pretreatment. We have therefore assigned an early Holocene age to unit Qas; the implication is that about 30 m of incision into the basin-fill sediments and the Onion Creek salt diapir has occurred along Onion Creek in less than 10,000 yr.
DISCUSSION AND COMPARISON OF OVERLAPPING DATING METHODS
The seven dating methods discussed in previous sections provide a considerable amount of age information (Table 1) , with uncertainties that vary from negligible to considerable. Many of the methods overlap in the age ranges to which they were applied, so that this overlapping provides consistency tests for final age estimates. We will proceed from dating methods in which we have the most confidence to those in which we have the least. The interpretation of the radiocarbon dates is relatively standard, and because they do not overlap with age estimates from other methods, we do not discuss them further here.
The ages provided by the two volcanic ash beds, the Lava Creek and the Bishop, are probably as reliable as any age estimates can be. Although the history of attempts to date the source rocks for these ash beds yields a considerable spread of ages, the K-Ar and fission track ages have rapidly converged to 0.61 and 0.73 m.y., respectively (Izett, 1981) . It seems unlikely that these age estimates are more than a few percent from the true ages of the ash beds.
Paleomagnetic stratigraphy provides two ages: one for the BrunhesMatuyama boundary and one for the Matuyama-Gauss boundary'. 0.73 and 2.48 m.y., respectively (ages from Mankinen and Dalrymple, 1979) . In Fisher Valley, the polarity boundary that we interpret as the BrunhesMatuyama occurs about 5 m below the Bishop Ash, and no soil or other hiatus occurs between the two datums. Therefore, the identification of the Brunhes-Matuyama boundary' is virtually certain, limited only by uncertainty in the standard paleomagnetic time scale. This age likely lies between recent estimates of 0.73 m.y. (Mankinen and Dalrymple, 1979) and 0.79 m.y. (Johnson, 1982) . We have used the former, more widely accepted age.
Although the age of the Matuyama-Gauss boundary is relatively certain at 2.48 m.y. (Mankinen and Dalrymple, 1979) , we are less certain of our identification of this datum in the Fisher Valley section. We interpret the lowermost normal-polarity sediments as belonging to the Gauss for a variety of reasons (see Paleomagnetic Stratigraphy section and Colman and others, in press), but other possibilities have not been eliminated. The most likely alternative is that these sediments belong to the Olduvai Subchron (1.6-1.8 m.y.; Mankinen and Dalrymple, 1979) ; other subchrons within the Matuyama are less likely candidates because of their relatively short durations and because of the thickness of sediments and the ioils between the boundary in question and the Brunhes-Matuyama xmndary. The anomalous normal polarities within the Matuyama chronozone may represent one or more of the normal-polarity subchrons, out evidence of secondary remagnetization in this zone precludes their .dentificaiion.
Uranium-trend analyses provided age estimates for samples that were also analyzed by both more established and less certain methods. The aranium-trend age of 530,000 ± 70,000 yr for the soil below the Lava Creek Ash is somewhat less than the 610,000-yr age of the Lava Creek Ash, but it nearly includes the accepted age in its one-sigma total error, even though this age is near the equilibrium limit of the method. The uranium-trend analyses for the parent material of soil I suggest that the narent material is bipartite (210,000 ± 40,000 and 240,000 ± 35,000 yr) .n age (230,000 ± 35,000 yr average). The inferred eolian origin of the parent material of soil I and its bimodal carbonate morphology are con-;istent with either two separate parent materials or a polygenic soil (Colnan and others, in press). The uranium-trend ages compare favorably with '.he estimate of about 260,000 yr for the parent material of soil I derived •'rom the rate of pedogenic carbonate accumulation, calibrated by the Lava Creek Ash and Brunhes-Matuyama datums. The uranium-trend ages are somewhat less than the age estimate of about 340,000 yr for the parent material of soil 1 derived from the rate of secondary clay accumulation, derived in the same way as the estimates based on secondary carbonate.
The ages estimated from degrees of soil development were calculated from long-term rates of accumulation of secondary carbonate and clay in the soils. The accumulation rates were derived from the total amounts of these materials above the time datums provided by the Lava Creek Ash (610,000 yr) and the Brunhes-Matuyama boundary (730,000 yr). Of the two secondary materials, the carbonate data appear less uncertain because the carbonate content of the parent materials appears to be less variable than the clay content. The ages estimated from the carbonate contents of the soils are concordant with the uranium-trend ages for soil I (discussed above) and are closer to the uranium-trend ages than are those derived from the clay contents of soil I. The age estimate calculated from the carbonate-content of soil J, developed in Holocene unit Qe, is also more reasonable than that derived from the clay content, but this difference results from the third significant figure of the accumulation rates and is therefore not a strong constraint Amino acid analyses of bulk soil materials in Fisher Valley demonstrate the potential of such analyses as at least a relative dating method. Isoleucine epimerization ratios show a clear progression with stratigraphic age, at least in samples that are not obviously contaminated with amino acids from younger organic materials. These results suggest that amino acid analyses of soils may prove to be useful for establishing relative ages or correlations. More information about the sources, transport processes, and deposition of amino acids in soils is needed before they can be used for more rigorous dating, however.
The thermoluminescence analyses proved inappropriate for ing the ages of the sediments in Fisher Valley. The most serious appears to be considerable amounts of residual TL in the youngeststoj" which was taken from sediments bracketed by modern radiocarbon^'' Evidence of anomalous fading of TL was also observed. The equjv»] dose of the parent material of soil I is less than one-half that expectedIfrt he dose rate and the age estimated from uranium-trend and soil dati/ix TL data for the Lava Creek Ash horizon also suggest much too yoc age, but the actual age of this horizon is probably beyond the age suitable for the TL methods used. Despite these negative results, the are important because the sediments, analytical methods, and sanv techniques that are most appropriate for TL dating are uncertai-. require many tests of the type performed in this study.
LATE CENOZOIC CHRONOLOGY
The ages estimated from the combination of these dating method provide a time framework for the history of geomorphic change a--deformation that has accompanied the most recent phase of activity of thOnion Creek salt diapir (Colman, 1983) . If interpretation of tly Matuyama-Gauss paleomagnetic boundary is correct, then this activin began in pre-Quaternary (Pliocene?) time. Deposition and deformation ' the basin-fill deposits occurred intermittently between this time and thtime at which soil I began to form, about 250,000 yr ago. These depc<:-include the Lava Creek and Bishop Ashes and substantial thicknesses • reversed-polarity (Matuyama) and normal-polarity (Gauss and Brur.hc sediments. These sediments are intercalated with at least nine palecs. that indicate times of landscape stability and nondeposition, mostly duthe past 1 m.y. or so. The basin-fill deposits also contain several UK.: fortuities, which are interpreted as pulses of deformation related u. Onion Creek salt diapir (Colman, 1983) ; the one that occurs at the bas<; the Lava Creek Ash is the only one whose age is accurately known.
When basin-fill deposition ended about 250,000 yr ago, probaK, due to the diversion of Fisher Creek into Cottonwood Canyon (Colman, 1983) , the record of activity of the Onion Creek salt diapir essentially ended. Between then and the Holocene, only minor evidence of eolian an J fluvial deposition is preserved. Onion Creek, which probably occupies th» ancestral course of Fisher Creek (Colman, 1983) , has cut headwar: through the Onion Creek salt diapir and into the basin-Gil deposits. The radiocarbon dates on unit Qas, which is thought to represent a former valley floor of Onion Creek, suggest that this incision was a relatively recent event: the last 30 of more than 100 m of incision appear to have occurred in less than 10,000 yr. The fluvial terraces along the present channels of Onion and Fisher Creeks appear to be less than 200 yr old. • 1984. Tb«raoluOTiiacm*itudia<rf|UcUI^^OiitincrCiiudaii.k»inÔ f ictr, uio-
